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Introduction 3D Hydrogen Electrode Ni-substituted Perovskite Conclusion

Project Overview
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A Objective

Develop and demonstrate highly efficient, durable, and redox resistant solid oxide electrolysi:
cells (SOECs) with a focus on

1) A cell desigrwith the hydrogen electrode composed of two layera 3D hydrogen
electrode support layer and an exsolved perovskite hydrogen electrode active layer

2) A manufacturing schemincorporatingadvanced 3D printinfpr fabrication of the cell
configuration
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SOEC and Hydrogen Electrode
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Hydrogen Electrode (ex., dSZ, etc.)
A Redoxtolerance
A Performance degradation
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NI-YSZ Hydrogen Electrode
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U Great catalytic activity & electric conductivity

U Thermal stability & good compatibility

U Non-noble metal

Challenge 2) Nickel agglomeration/migratic

Challenge 1) Redaxstability
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RedoxInstabllity
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U Made with conventional ceramic forming techniques (ex., tapasting)
i Dramaticvolume expansion/shrinkage
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Nickel Agglomeration/Migration

Nickel particle agglomeration

Nickel migration/depletion
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J. C. De Vero et al. ElectrochemSoc. 163 (2016) F1463.470

A.Zekriet al., Fuel Cells, 17 (2017) 3566
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U Loss ofzlectrical conductivityof the hydrogen electrode

U A reduction of available triple phase boundaries (TPBS)
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Proposed Approach

Redoxinstability
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Ni-substituted Perovskite Conclusion
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3D Hydrogen Electrode
Support
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3D Hydrogen Electrode Structure

Oxygen Electrode (LSC-GDC) 50 ym

Interlayer (GDC) 5 pm
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What Do We Need for 3D Printing?

Ink I Printing Equipment

A Rheology
A Stability
[ A \ A Jetting voltage
Ink Vehicle Aqueous Dispersion ﬁ Erricguency

(Let down)
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Ink Rheology
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Ink Stability

Solid Loading of Ink
Aqueous )

Dispersion

W,e/amic TZA dispersion: up td0% (w/w)
Solid Loading = (= 20% for ink)
W, NiO-YSZ dispersion: up t80% (w/w)
— (= 10% ink)

Ceramic Binder

Powder
\_ _J

Dispersion Stability

~

TZA dispersionsseveral months

NiO-YSZ dispersions: ovérmonth
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